
ON THE MOVEMENTS OF THE TONGUE IN
HEMIPLEGIA, AND FEOM COETICAL STIMU-
LATION—AN APPAEENT PAEADOX; WITH A
NOTE ON THE MOVEMENTS OF THE TONGUE
AFTEE PAEALYSIS OF ONE HYPOGLOSSAL
NEEVE.

BY CHARLES E. BBEVOB, M.D., F.R.C.P.

IN hemiplegia the tongue, when affected, is protruded
towards the paralysed side, or, in other words, towards the
side opposite to the lesion in the internal capsule or the
cortex. On the other hand, electrical stimulation of the
cortex cerebri in the monkey produces protrusion of the
tongue to the side which is opposite to the cortex stimulated.
Assuming that we may compare the brain of the monkey
with that of man, we apparently have the same movement
of protrusion of the tongue to the opposite side produced by
both paralysis, and stimulation, of the cortex, wbich sounds
an absurdity.

Taking first the case of hemiplegia, it has been known
since the time of Abercrombie [1] that in hemiplegia when
the patient was told to put out his tongue, it was protruded
towards the paralysed side. This symptom has been seen so
often, and has been so frequently confirmed, that there can
be no doubt that in paralysis due to a lesion of the cortex or of
the internal capsule—let us say—of the left hemisphere, the
tongue when protruded goes over to the right side.

Taking next the question of the electrical stimulation of
the cortex cerebri in the monkey, it was shown by Sir Victor
Horsley and myself in a paper [3] read before the Eoyal
Society twelve years ago, that stimulation of the cortex
produced protrusion of the tongue to the opposite side, so
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488 ORIGINAL ARTICLES AND CLINICAL CASES

.that with stimulation of the left cortex the tongue was
protruded with the tip towards the right side. The move-
ment was apparently the same movement as that which
is produced when the left cortex in man is paralysed in
hemiplegia. What, then, is the explanation of this apparent
paradox ?

I think that the explanation will be found in the in-
vestigation of the different movements which we obtained
by stimulating different parts of the cortex in the monkey.

The area in the cortex of the monkey (macacus sinicus)
from which movements of the tongue can be elicited by
electrical stimulation, lies chiefly in the lower part of the
ascending frontal convolution, extending from the horizon-
tal level of the angle of the inferior prsecentral sulcus
above, down to the fissure of Sylvius. In the upper part
of this area is represented the movement of protruding
the tongue towards the opposite side. In the lower part
of this area, stimulation of the anterior half in front of
the sulcus frontalis transversus inferior gives the move-
ment of advancing the tongue straight, while in the pos-
terior half we obtain the movement of retraction of the
tongue. A third movement, viz., rolling over of the tongue
to the cheek on the same side as the cortex stimulated
was observed on stimulation of the part between the
upper and lower parts of the area, but with this we need
not concern ourselves. The two movements which we
have to take into account are the protrusion of the tongue
straight, represented in the anterior half of the infer-
ior part of the " tongue area," and the protrusion of the
tongue to the opposite side, represented in the upper part of
this area.

Now, these two movements are of a character which is
quite distinct and different, and they are represented in
different parts of the cortex. To show the different char-
acter of these two movements, and also to show what share
was taken by the two halves of the tongue in producing
them, the tongue was divided (under deep anaesthesia) into
two halves along the raphe down to the hyoid bone, so as to
form two independent organs. It was then seen that when
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the area for protrusion of the tongue straight was stimulated
in the left hemisphere, the two halves of the tongue were
protruded straight, and each half of the tongue performed
exactly the same evolution, and in no case could preponder-
ance of action be shown to take place on either side. It
follows, therefore, that these movements are truly bilater-
ally represented" [4], or in other words, that precisely the
same movement could be obtained, when either the right
or the left cortex was stimulated. When, however, the
upper part of the area in the left hemisphere, where the
protrusion of the tongue to the opposite side is represented,
was stimulated, the following peculiar movements were
seen. The half of the tongue, on the same side as the
cortex stimulated, was seen to be advanced beyond the
teeth, while the half of the tongue on the opposite side
was seen to be retracted. The resultant of these two move-
ments on an entire tongue would be the movement of pro-
trusion with the tip to the opposite side. The opposite
character of the movements of the two halves of the
tongue was strikingly shown when an epileptic fit was
produced, remarkable " see-saw " contractions being ob-
tained, the half of the tongue on the same side being
shot out of the mouth at the same time as the opposite
half was retracted.

It has been the custom to assume that the left cortex
governs the right half of the tongue, and the right cortex
governs the left half of the tongue, exclusively. It has also
been stated that the deviation of the tongue in hemiplegia
towards the paralysed side is due to the want of action of
the muscles of the paralysed side, the tip being directed by
the muscles of the healthy side, which will not act in a
straight line when not antagonised by their fellows. It
should be remembered that, according to Dr. Hughlings
Jackson, it is the movements and not the muscles which
are represented in the cortex cerebri, and according to our
experiments we would say that in every movement of the
tongue produced by cortical excitation, both halves of the
tongue always take part.

It has been stated above that in our experiments, when
VOL. xxix. 34
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protrusion of the tongue was produced by electrical excita-
tion of the cortex of one side only, no preponderance of
action could be shown to take place on either side, and from
this it would follow that, if this area for the representation of
the tongue on one side were destroyed, the same movement of
the two halves of the tongue could be produced by stimulation
of this area on the intact hemisphere. If this be so, it is
difficult to understand why, with a lesion like hemiplegia,
which affects only one hemisphere, the movement of pro-
truding the tongue straight should ever be interfered with,
as long as the other hemisphere is not affected.

The explanation as to why the tongue is ever deviated
in the movement of protrusion straight is very difficult to
give; but I would suggest that the way out of the difficulty
may be found by examining the representation of other
movements situated near the middle line of the body; and
the two movements which I would take are the movements
of elevation of the soft palate and the movement of flexing
the spine by the recti abdominis. Taking first the move-
ment of elevation of the soft palate, we showed in our
experiments [5] that, with minimal electrical stimulation
of the cortex of one hemisphere, elevation of the soft
palate towards the opposite side could be obtained more
frequently than bilateral elevation of the palate, i.e., in the
proportion of eleven times to four. Also a case has been
recorded by Dr. Jackson and myself of paralysis of one
half of the palate from a lesion of the internal capsule, and
yet I believe that it is quite impossible for any one to imitate
the movement by voluntarily drawing up the soft palate
to one side. This, I think, shows that to draw up the palate
straight in the normal way one hemisphere is not sufficienti
but we must use both hemispheres to put equally into action
the levator palati of each side.

"With regard to the rectus abdominis, Sir Victor Horsley
and Professor Schafer [C] found on stimulating the cortex
electrically, and Sir Victor Horsley and myself [2] found
by exciting electrically the internal capsule in the monkey,
that the rectus abdominis of the opposite side only was
thrown into action ; that is to say, that the cortex of one
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side could only make the opposite rectus abdominis con-
tract to produce the unilateral movement of abducting the
trunk to the opposite side. It would therefore seem that for
the bilateral movement of flexing the spine, as in rising up
from the prone position, where both recti abdominis are in
use, both hemispheres must take part.

I would therefore suggest that in the movement of pro-
trusion of the tongue straight, both hemispheres take part;
but the necessity for both to act is to a less degree than in
the case of the elevators of the soft palate, and still less
degree than in the case of the recti abdominis; and that,
although both halves of the tongue are represented in each
hemisphere, yet in voluntary efforts when one hemisphere
is unable to act, the other acts more strongly on the
opposite half of the tongue, and carries it over towards
the paralysed side.

It will now, I think, be apparent that the explanation of
the paradox is, that the movement of protrusion of the
tongue to one side which occurs in hemiplegia is not the
same movement as the movement of protrusion to one side
produced by electrical stimulation of the cortex in the
monkey. In the first case the patient is told to put his
tongue out straight, and in the monkey this movement
would be produced by exciting the anterior inferior part
of the cortical area for the tongue; while, in the other
case, the movement of protrusion of the tongue to one
side is obtained in the monkey by exciting the upper part
of the " cortical tongue area." In right hemiplegia the
patient wishes the tongue to come out straight and it goes
to the paralysed, i.e., right, side without his knowing it, and
in stimulation in the monkey we intend the tongue to go
to the right side by stimulating the upper part of the left
" tongue area," and it does go to the right.

Another point is that, if the deliberate movement of pro-
truding the tongue, let us say, to the right be produced by
the action of the left cortex, in right hemiplegia due to a
lesion of the left cortex or of the internal capsule, there
ought to be some paralysis of this movement. I have for
some time made a point of testing this movement by asking
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patients to put the tip of their tongue into the cheek of either
side, and I have found that, in those cases where in right
hemiplegia the tongue when protruded goes to the right,
there is more difficulty in putting the tongue into the right
cheek than into the left.

MOVEMENTS OF THE TONGUE WHEN ONE HTPOGLOSSAL

NERVE IS PARALYSED.

In connection with the question of the movements which
were obtained when the tongue was bisected and the cortex
was stimulated, I might record the movements which are
possible when the left hypoglossal nerve is paralysed.
When the patient was told to protrude the tongue straight
the tip went a little to the left of the middle line to about
the level of the left canine tooth, but when he was told to
carry the tongue past this point to the left he was not able
to do so, and he had no power to put the tip of the tongue
into the left cheek. The reason of this is, that the left
half of the tongue being paralysed the requisite muscles for
retracting the left half of the tongue were absent (see page
488), and no power of the will could make the muscles of the
right half do this. On being told to protrude the tongue
to the right it was seen that though the tip of the tongue
could be twisted round so as to touch the teeth of the right
lower jaw as far back as the second molar, it was not pos-
sible to protrude the tongue beyond the teeth so as to touch
the cheek. Protrusion of the tongue to the right is pro-
duced according to our stimulation experiments [3] by
retraction of the right half and advancing of the left half.
In this case the left hypoglossal was paralysed, the left hah*
of the tongue could not be advanced, and all the move-
ments of protrusion to the right had to be done by the
right half of the tongue, whose action in this movement
was that of retraction which could not possibly advance the
tongue across the boundary of the teeth, and which the will
had no power to alter.
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